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in-part of USSN 07/619,131 filed November 27, 1990, which is a 
continuation-in-part of USSN 07/444,745 filed December 1, 1989. 

New claim 98 is directed to a cDNA sequence encoding mature 
human lactoferrin as shown in Fig. 1 (SEQ. ID. No. 1) . Support 
for the claim is provided by e.g. , Fig. 1 and pp. 42-44 of the 
present application, and by e.g.. Fig. 1 and pp. 25-27 of the 
earliest application from which priority is claimed, USSN 
07/444,745 (filed December 1, 1989). By specifying that the 
claimed cDNA sequence comprises the region encoding the mature 
protein, it is meant that the region encoding the signal sequence 
need not be present, as explained in the present specification at 
p. 46, lines 21-23 and the '745 priority application at p. 26. 
lines 25-27. 

New claim 98 is added to cause declaration of an 
interjference between the present application and a US application 
corresponding to WO 90/13642, v/hich claims priority from USSN 
07/348,270 (filed May 5, 1989). )/^^90/1 3642 ( hereinafter the 
^642 PCT a pplication) names Headon, Conneely and O'Malley as 
inventors and is assigned on its face to Granada Biosciences 
(although present assignment of a corresponding US application is 
unknown). A copy of the '642 PCT application is attached. It is 
believed that a Notice of Allowability has recently occurred in a 
US application corresponding to the '642 PCT application. 

Although the present applicants have no way of knowing 

exactly what claims may have been allowed in a US application 

corresponding to the '642 PCT application, the '642 PCT 

application is clearly directed to closely related subject matter 

(i.e., cDNA sequences encoding human lactoferrin) to claim 98 in 

the present application. For example, claim 1 in the '642 PCT 

application reads, 

A CDNA sequence coding for human lactoferrin protein, 
comprising the DNA sequence of Fig. 2. 

The mature coding region of the DNA sequence in Fig. 2 of the 
•642 PCT application and that of Fig. 1 (SEQ. ID. No. 1) of the 
present application, respectively, encode mature human 
lactoferrin proteins of 692 and 691 amino acids. The respective 
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proteins are believed to differ at only three places^ as 
follows. 



aa# 


Fig. 1 (presei^t 
application) 


Fig. 2 ('642 PCT 
application) 


130 


Threonine 


Isoleucine 


151 


Glut amine 


Alanine and 
Arginine 


403 


Cysteine 


Glycine 



Under the provisions of 37 CFR §1.604, applicants seek to 
have an interference declared with a US application corresponding 
to the '642 PCT application. Applicants present the following 
proposed count 1, which is the same as new claim 98 in the 
present application: 

An isolated cDNA sequencet comprising the region of the 
cDNA sequence of Fig. 1 (SEQ. ID. No. 1) encoding 
mature human lactoferrin pr^otein. 

According to 37 CFR §1.601(i), an interference may be 
declared between two or more pending applications naming 
different inventors when, in the opinion of the Examiner, the 
applications contain claims for the same patentable invention as 
defined in §1.601(n). Here, declaration of an interference is 
particularly appropriate because the respective priority dates of 
the two applications at issue are only about six months apart. 
Although applicants are unable to identify a claim from a US 
application corresponding to the '642 PCT application, which 
corresponds to the count (due to pending US applications being 
maintained in confidence) , they request the Examiner to review 



-"■Note that amino acid position numbers are those of Fig. 1 
in the present application, in which the first amino acid of the 
mature protein is designatc^d amino acid 1. The sequence in Fig. 
2 of the •642 PCT application is numbered by a different 
convention in Which the first amino acid of the signal peptide is 
designated 1. 
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the allowed claims in the US application corresponding to the 
'642 PCT application to determine whether any such claim 
corresponds to the proposed count. 

If any such claim in a US application corresponding to the 
•642 PCT application does correspond to the proposed count, the 
Examiner is requested to declare an interference and stay 
issuance of the US application corresponding to the '642 PCT 
application. 
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(57) Abstract 



verified^cDNA sequence for human lactoferrin (hLF) protein has been discovered. The cDNA sequence can be used to 
prepare recombinant human lactoferrin for therapeutic and nutritional applications. Regions of the cDNA such as the Fe binding 
sites can be used to make an hLF polypeptide product. 
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HUMAN LACTOFERRIN eDNA SEQUENCE 
BACKGROUND OF THE INVENTION 

Lactoferrin is an iron-binding glycoprotein found in 
^ mxlk and other secretions and body fluids. It is one of a 
number of iron binding proteins, sometimes referred to as 
transferrins, and is involved in iron binding and delivery 
in mammals. 

Lactoferrin has been implicated as a factor in resis- 
tance against enteritis infections in suckled newborns 
These bacteriocidal/bacteriostatic actions are considered to 
be due at least in part to the iron. binding properties of 
lactoferrin. Lactoferrin decreases the iron availability to 
iron requiring microorganisms and thereby interferes with 
thexr growth and reproduction. Lactoferrin is also con- 
sidered to have antiviral properties and to have other 
potential therapeutic applications. 

Human^lactoferrin (hLF) has a high affinity for iron 
and two Fe cations can be found per molecule. The com- 
plete hLF protein has been subjected to amino acid sequenc- 
ing and is reported to have 703 amino acids. There are two 
glycosyiation sites, Jletz-Boutigue et al; "Human Lacto- 
transferrin: Amino Acid Sequence and Structural Comparisons 
With Other Transferrins", Eur^ j. Biochem. . vol. 145 pp 
659-676 (1984). -^der son et al; ""Structure of .Human ^LaL- 
ferrin at 3.2 - A Resolution", Proc^ Nafl. Acad. Sci. USA 

vol. 84, pp. 1769-1773 (April 1987). 

. In other studies, a cloned cDNA probe for amino acids 
428 to 703 of the lactoferrin protein was isolated. The 
CDNA sequence was in general agreement with the earlier 
analysis of the amino acid sequence of the protein. Rado, 
et al; "Isolation of Lactoferrin cDNA From a Human Myeloid 



Library and Expression of mRNA During Normal and Leukemic 
Myelopoiesis" , Blood , vol, 79, no, 4, pp. 989-993 (Oct. 
1987) . The probe was reported to encompass approximately 
40% of the coding region and the 3' terminus. The full 
confirmed cDNA sequence has not been reported. 

SUMMARY OF THE INVENTION 

The invention is the verified cDNA sequence for human 
lactoferrin which includes an open reading frame of 2133 
nucleotides coding for a protein of 711 amino acids. These 
711 amino acids include 19 ammo acias corres^miing_jtoa 
^cretion signal peptide sequence foilowied by 69 2 amino 
acids of mature human lacx-orerrin. The cuwa £>c4uehce and 
deduced amino acia sequence differ from the previously 
published data. (The conrirmation of the cDNA sequence and 
tne deauced amino acid have been proven by multiple 
confirmation procedures. 
These are: 

1. Multiple sequence analyses. 

2. Comparison of the amino acid sequence deduced from 
the^j:DNA with that of human LF generated by 
conventional amino acid sequencing of hLF isolated 
from milk. The unique cDNA sequence which encodes 
the human lactoferrin protein has a variety of 
applications as known and indicated in the litera- 
ture. 

3. Transcription and translation of hLF protein from 
the cDNA with positive identification using an 
anti hLF antibody. 

The present invention of the cDNA sequence can be used 
to r^i^pare recombinant human lactoferrin , thus making avail- 
able a source of human protein for therapeutic and 
nutritional applications. The confirmed cDNA of this 
invention can be used in an appropriate cloning vehicle to 
replicate the cDNA sequence. Also, the cDNA can be 
incorporated into a vector system for human lactoferrin 
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expression. This invention is not limited to any particular 
uses of the cDNA. The recombinant hLF being a human protein 
derived by recombinant techniques can be used in a variety 
of applications. The gene can be transferred to mammalian 
systems such as cows and other agriculturally important 
animals and expressed in milk. The incorporation of a human 
lactoferrin and expression in the milk of animals can combat 
an iron deficiency typical in piglets. The inclusion of the 
human lactoferrin gene with expression should improve an 
animal's disease resistance to bacterial and viral infec- 
tion. The tissue specific expression of human lactoferrin 
in mammary glands, for instance, would impart the 
bacteriocidal and viracidal benefit of the expressed gene to 
young feeding on the milk and would provide a production 
means for the secreted protein for therapeutic use. 

The gene can be placed in the appropriate cloning 
vector for the production of hLF. The hLF produced by 
recombinant methods can be used in a variety of products 
including human or animal foods, as therapeutic additives to 
enhance iron transport and delivery, and for the viracidal 
and bacteriocidal qualities, as additives for eye-drops, 
contact lens and other eye care solutions, topical skin'care 
products, ear drops, mouthwashes, chewing gum and tooth- 
paste. The recombinant hLF would provide a safe, naturally ' 
occurring product which can be topically applied as well as 
ingested safely. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic drawing of the hLF cDNA including 
the locations of the 5- untranslated region, the secretion 
peptide signal sequence, mature lactoferrin and 3' 
untranslated region.. 

Fig. 2 is the cDNA sequence with deduced amino acids 
for the human lactoferrin- protein and signal peptide 
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sequence. 



Fig. 3 is a schematic representation of an autoradio- 
graph of recombinant human lactoferrin protein expressed 
from the complete cDNA. 

Fig. 4 is a schematic representation of an autoradio- 
graph of the results of in vitro translation of a 2,140 bp 
human lactoferrin sequence and hLF protein in reticulocyte 
lysates. 

DETAILED DESCRIPTION OF THE INVENTION " 

The full length cDNA encoding human lactoferrin (hLF) 
has been isolated, and the analysis has been completed. The 
CDNA sequence has been confirmed as human lactoferrin cDNA 
by comparison of the deduced amino acid sequence with the 
published amino acid sequence of human LF. The expression 
of lactoferrin was observed in an eucaryotic expression 
system from ttie cDNA and a plasmid vector. The presence of 
lactoferrin was confirmed by standard Western immunoblot 
analysis using anti-human lactoferrin antibodies and rela- 
tive molecular mass measurement. 

Fig. 1 is a schematic of the lactoferrin cDNA. The 
sequence can generally be described as an initial 5' 
untranslated region, 17 nucleotides in length. The next 
portion is 57 nucleotides which codes for the 19 amino acid 
secretion signal peptide starting with methionine. The next 
sequence of the cDNA codes for the mature human lactoferrin 
protein of 692 amino acids followed by the 3' untranslated 
region of 208 nucleotides which ends the cDNA. The complete 
sequence is 2,358 nucleotides in length. The hLF protein 
contains glycosylation sites. The hLF protein with secjre^ 
tion signal sequence has kn exj>«cred moxecular mass of 
/8,403 uaitons ana the mature hLF is 76,386 daltons without 
addea carbohydrate from glycosyxation. 
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Fig. 2 is the cDNA sequence with the deduced amino 
ac.ds for the secretion signal peptide and the mature human 
lactoferrin protein. The numbers on Fig. 2 correspond to 
the nucleotides starting at the 5' end. There are binding 
sites for two iron atoms with four amino acids participating 
in the binding of each iron. The amino acids at positions 
ASP80, Tyrll2, Tyr209, and His273 are required for coordina- 
tion with one iron, and amino, acids at positions Asp415 
Tyr455, Tyr548, and His617 bind the other. There are two 
glycosylation sites at positions Asnl57 and Asn498. The 
numbers refer to the deduced amino acid sequence. There are 
25 amino acids per line of protein sequence (starting at 
nucleotide 18) . 

The nucleotide sequence analysis was performed on cDNA 
isolated from a human prostate cDNA library. The prostate 
CDNA library yielded a 2,140 bp cDNA which contained the 
complete 5' end including the untranslated portion and the 
signal sequence. The 3- end including the three amino acids 
at the carboxy terminal and the untranslated region were 
obtained as a 208 bp cDNA from both a monocyte cDNA library 
and human e£Qst^ts_cDNA library. ' 

The data in Fig. 2 displays the full length cDNA 
sequence of this invention. The complete sequence including 
, the 5 untranslated region and signal peptide have not been 
reported. Further, the previously reported amino acid 
sequence varies from the deduced amino acid sequence se- 
quence for hLF of this invention. The following TABLE 1 is 
a summary of the differences of the amino acid sequence of 
the present invention and those reported by Metz-Boutiaue 
J±L ^ Biochenu_ , vol. 45, pp. 659-6 (1984). For the 
purpose of this table, the numberin7"^r^i^riSIHr acids wiH 
be initiated with methionine at the start of the signal 
peptide sequence as amino acid #1. 
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TABLE 1 

COMPARISON OF AMINO ACID SEQUENCES 
HUMAN LACTOFERRIN 



Ammo 


Acid 


Deduced 




from 


CDNA 


of hLF 


Change 


ji 
f 


30 ' 


rhr 


Substitution 


JL 
ff 


48 Arg 


Substitution 


JL 

# 


141 


Arg 


Insertion 


# 


155 


Phe 


Substitution 


# 


156 


Leu 


Substitution 




170 


Ala 


Insertion 


# 


204 


Ser 


Substitution 




206 


Gin 


Substitution 


tf 


209 


Tyr 


Substitution 


# 


321 


Lys 


Substitution 


# 


386 


Glu 


Substitution 


. # 


392 


Ser 


Substitution 


# 


410 


Asp 


Substitution 


# 


411- 


-412 


Deletion 


# 


532 


Gin 


Substitution 


# 


695 


Lys 


Substitution 



Metz-Bouticrue Sequence 

Ala 

Lys 

NONE 

Leu 

Phe 

NONE 

Leu 

Lys 

Lys 

Phe 

Gin 

Trp 

Asn 

13 Amino acids in 
protein sequence not in 
deduced amino acid 
sequence from cDNA. 

Glu 

Arg 



Fig. 3 is, the expression of human lactoferrin protein 
from the complete hLF cDNA. The complet^^^J35fi^~bD hLF cDNA 
was ligated to the eucaryotic expression(vectoxr^p91023 (B) 
at the EcoRl site downstream from the adenovirus major late 
promoter. This plasmid vector was provided by Genetics 
Institute (Cambridge, Massachusetts) and has been described 
in previous publications (Wong et al., Science 288, 010-815 
(1985)). The hLF cDNA expression vector was transferred 
into COSM-6 monkey kidney cells using standard tissue 
culture trans fection conditions (Wigler et al. (1979) 
"Transformation of Mammalian Cells with Genes from Procary- 
otes and Eucaryotes"; Cell , 16:777-785). These COS cells do 
not normally express lactoferrin. Forty-eight hours after 
trans fection, the cells were harvested and crude cell 
extracts were prepared. Positive identification of the 
human lactoferrin was made by standard Western immunoblot 
analysis of the proteins expressed in the cell extracts, as 
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well as those secreted into the cell growth medium using a 
commercially available antibody directed against human 
lactoferrin (Sigma) , Proteins which bound to the anti-lac- 
toferrin antibody were detected using radio-iodine labelled 
Protein A which reacts with the antibody. The immunoblots 
were autoradiographed to identify the human lactoferrin 
protein. Fig. 3 is an autoradiographic film showing the 
human lactoferrin expressed in four cell extracts prepared 
from tissue culture cells which were trans fected with the 
lactoferrin cDNA expression vector (lanes 5 to 8) . Lanes 5 
to 8 show that the transfected cells all contain human 
lactoferrin (marked with an arrow) which is' immunoreactive 
with the antilactoferrin . antibody and is the same molecular 
weight as human lactoferrin (M^ = 78,403 daltons) . The 
control cells which were not transfected with the cDNA did 
not contain lactoferrin (lanes 3 and 4) . Analysis of the 
growth medium showed that human lactoferrin was also 
secreted into the medium from transfected cells (lane 2) but 
not from control cells (lane 1) . 

In conclusion, the cDNA encodes a recombinant human 
lactoferrin pi:Dtein which is similar to human lactoferrin 
protein isolated from milk as determined by molecular size 
comparisons and immunore activity with antihuman lactoferrin. 
Furthermore, the secretion signal peptide sequence is 
functional since the human lactoferrin is secreted into the 
growth medium of tissue culture cells which express the 
cDNA. 

Fig. 4 is a schematic representation of the human 
lactoferrin protein precipitated after in vitro transcrip- 
tion and translation of the human lactoferrin cDNA. The 
2140 bp cDNA was from the human prostate cDNA library and 
included the 5 ' untranslated region and the rest of the base 
pairs correlative to the cDNA sequence of Fig. 2 omitting 
the last 218 bp at the 3" terminus. The 2140 bp cDNA was 
ligated to the Eco.Rl site of the plasraid vector pGEM^ 
(commercially available from Promega Biotech., Madison, WI 
53711-5305) downstream from the SPg promoter. The plasmid 



construct was linearized at the 3 ' end of the hLF cDNA usinc 
the restriction enzyme Hinc II or XBAI. The linear DNA 
template was then transcribed in vitro using purified SPg 
RNA polymerase in the presence of ribonucleotides as de- 
scribed in the manufacturers protocol (Promega Corporation 
1988/1989 Catalogue and Applications Guide). The resultant 
mRNA was translated using lOOng mRNA template and micrococ- 
cal nuclease treated rabbit reticulocyte lysate (as de- 
scribed by Promega) in the presence of 75uCi ^^S methionine 
(800 ci/mmol, Amersham) . In vitro synthesized lactoferrin 
was immunoprecipitated by incubating lOOul aliquots of 
translation reaction with lOug of rabbit anti-human 
lactoferrin IgG (Sigma Chemical Company, St. Louis, MO 
63178) for 2 hours at 4''C in 50mM Tris, pH7.5/0.15M 
NaCl/0.05% Tween-20 (IP-buffer). The reaction volume was 
200ul. Iramunoreactive lactoferrin was precipitated after 
incubation for 1 hour with 50ug of Protein A sepharose 
(Pharmacia, Upsalla, Sweden) . Immunoprecipitation was 
carried out by centrifugation for 5 minutes at 10,000g and 
the precipitate was washed 5 times with 4 volumes of IP 
buffer. Total translation products and immunoprecipitates 
were then subj-ected to electrophoresis in denaturing 7.5% 
polyacrylamide gels. After fixing in 50% Methanol, the gels 
were incubated in En-^Hance (NEN, DuPont, Wilmington, DE 
19801) for 1 hour and washed with distilled H2O. The gel 
was then dried under vacuum and exposed to Kodak X-OMAT XAR 
film at -70°C. 

1 4 

Lane 1 shows C protein molecular weight markers used 
to estimate the size of the translated proteins. Lane 2 is 
a negative control which shows that no ^^S labelled proteins 
are translated in this system when no mRNA is added to the 
translation mix. Lanes 3 and 4 show the total translation 
products obtained when lactoferrin mRNA is added after 
preparation from two separate DNA templates. The major 
protein band (marked with an arrow) is human lactoferrin. 
This is the only band detected when the translation products 
are immunoprecipitated with anti human lactoferrin before 



applying the protein to the gel (lane 6) . The measurement 
of molecular mass by SDS-PAGE does not correspond to exact 
molecular weight due to secondary protein structure 
■However, the values are shifted in a correlative manner in 
comparison to the control. Analysis of the size of the 
translated lactoferrin is shown in Pig. 4. The protein 
migrated at the expected molecular mass of human lactoferrin 
(about 78Kd). The major bands in lanes 3 and 4 which 
migrate higher than the 68Kd marker band in the control lane 
correspond to expected molecular mass of hLF protein on 
SDS-PAGE. 

In addition to using the entire cDNA sequence and 
deduced amino acids sequence, a polypeptide of less than the 
entire protein can be of value. For instance, the region 
between amino acids 74-275 contains an iron binding domain 
which may be used without the rest of the protein for 
biologically available iron or the bacteriocidal/viracidal 
qualities. 

The CDNA sequence has been confirmed by corroboration 
of the sequence from three sources. The hLF cDNA was shown 
to encode lactoferrin by expression of the cDNA in a eucary- 
otic expression system and detection of the expressed 
lactoferrin protein by Western immunoblot analysis using 
specific lactoferrin antibodies. 
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WHAT WE O 

1. A cDNA sequence coding for human lactoferrin 
protein, comprising the DNA sequence of Fig. 2. 

2. A cDNA sequence coding for the functional 
equivalent of human lactoferrin comprising analogues of the 
cDNA sequence of Fig. 2. 

3. A synthetic human lactoferrin comprising a product 
produced from the cDNA sequence of Fig. 2. 

4. A synthetic functional equivalent of human 
lactoferrin comprising a product produced from analogues of 
the cDNA sequence of Fig. 2. 

5. A method to produce synthetic human lactoferrin 
product comprising utilizing the cDNA sequence of Fig. 2. 

6. A method to produce a synthetic functional 
equivalent of human lactoferrin comprising utilizing 
analogues of the cDNA sequence of Fig. 2. 

7. A method to produce synthetic human lactoferrin 
and functional equivalents thereof of claims 5 and 6 
utilizing a eucaryotic expression system. 

8. A cDNA sequence comprising a portion of the cDNA 
of Fig. 2 coding for human lactoferrin protein including at 
least one of the iron binding domains with an Fe binding 
site. 

9. A cDNA sequence of claim 8 wherein an analogue of 
a portion of the cDNA sequence codes for a functional 
equivalent of at least one iron binding domain with an Fe 
binding site. 



10. ^ m^od comprising produ^g a^|ortion of 

synthetic human lactoferrin of claim 8. 

11. A method comprising producing a portion of 
synthetic functional equivalent of human lactoferrin of 

claim 9. 

12. A synthetic human lactoferrin product comprising a 
portion of the synthetic human lactoferrin product produced 
from the cDNA sequence of Fig. 2 including at least one of 
the iron binding domains with an Fe binding site. 

13. A synthetic human lactoferrin product comprising a 
synthetic functional equivalent of a portion of the human 
lactoferrin protein produced by an analogue of the cDNA 
sequence of Fig. 2 including at least one functional 
equivalent of the iron binding domains with a Fe binding 
Site. ^ 
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cDNA SEQUENCE AND-AMINQ-ACID SEQUENCE 
OF HUMAN LACTOFERRIN 



(p C ATG 



;(^GAATTCC GACCGCAGAC 



met 
1 

66 
TGT 
cys 
17 

114 
CAA 
gin 
33 

162 
GTG 
val 
49 

210 
TGT 
cys 
65 
258 
GGT 
gly 
81 

306 
GTA 
val 
97 

354 

TAT 

tyr 

113 
402 

CTG 

leu 

129 
450 
TGG 

trp 

145 



AAA CTT GTC TTC CTG GTC CTG CTG TTC CTC GGG GCC CTC GGA crr 
lys leu val phe leu val leu leu phe leu glj ala L gl'y Su 

2u a^^^f' CAG TGG TGC ACC GTA TCC 

leu ala /gly arg arg arg arg aer val gin trp cys thr 7al ser 

^ f.^ - lit Z l'^ -I - - - 

f -J ------- ^ 

til Z z z ?S I- z 
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546 



594 



642 



CCA CCT GAG CCC ATT GAG GCA GCT GTG GCC ACQ TTC TTC TCA rrr 
pro pro glu pro ile «lu ala ala val phe se'r a'l'a ser 

6 

7s Z Z 7y au Z T T ""^ ^'^ 

pro gj.y aia asp lys gly gin phe pro asn leu cys arg leu 

4 

8 y tiir gly glu asn lys cys ala phe ser ser gin glu pro 

2 

TAG TTC AGO TAG TCT GGT GCC TTC AAG TGT rrr apa nAn ^r,^ 

tyr phe ser tyr ser bIv al« thl i ? ^^T GGA 

209 ^ leu arg asp gly ala gly 



738 



786 



834 



a^p^ Z Z til ttt ^11 Z 7 r <=- ™ XC. CAC 

225 ^ ^ " ^'^^ phe glu asp leu ser asp 
8 

Z lu Z t% If, If^ Z ut 11" 

241 ^ ^ le" cys pro asp asn thr arg 
6 

To III Itl III Z f ^ 

257 _ ^ ^ ''y^ his leu ala arg val pro ser 

4 

a2 ^2 a'?* til Z r T r= <=*^ === 

273 . ^■'^ "8 ser val asn gly lys giu asp ala lie trp 
B82 

^^n III III III Z lit Z T r T CCG 

289 ^ ^ ^^"^ phe gly lys asp lyg ser pro 
)30 

JJa sJn Z Trll^r T T T ""^^ =^ 

305 *^ ser gly gin lys asp leu leu phe 

178 

iti IT. s tr. z ifr z -^^^ 

321 "8 val pro pro arg lie asp ser 

26 
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1074 

AAA AGT GAG GAG GAA GTG GCT GCC CGG CGT GCG CGG GTC GTG TGG TGT 
lys ser glu glu glu val ala ala arg arg ala arg val val trp cys 

1122 

GCG GTG GGC GAG CAG GAG GTG CGG AAG TGT AAC GAG TGG AGT GGC TTP 
ala val gly glu glu glu leu arg lys cys asn gin trp sir gjy 

1170 

AGO GAA GGC AGC GTG ACC TGC TCC TCG GCC TCC ACC ACA GAG GAC TGC 
ser glu gly ser val thr cys s.r ser ala ser thr tSr glu asp cys 

1218 

ATC GCC CTG GTG CTG AAA GGA GAA GCT GAT GCC ATG AGT TTG GAT GGA 
lie ala leu val leu lys gly glu ala asp ala met ser leu asp gly 

1266 

gxy tyr val tyr thr ala g^ lys cys gly leu val pro val leu ala 
1314 

GAG AAC TAG AAA TCC CAA CAA AGC AGT GAC CCT GAT CCT AAC TGT CTP 
glu asn tyr lys ser gin gin ser ser asp pro asj pro ^n cys III 
1362 

GAT AGA CCT GTG GAA GGA TAT CTT GCT GTG GCG GTG GTT AGG AGA TCA 
asp arg pro val glu gly tyr leu ala val ala val val a'g arg ser 
1410 

GAC ACT AGC CTT ACC TGG AAC TCT GTG AAA GGC AAG AAG TCC TGC CAC 
asp thr ser leu thr trp asn ser val lys gly lys ser cys Ss 

1458 

ACC GCC GTG GAC AGG ACT GCA GGC TGG AAT ATC CCC ATG GGC CTG CTC 
thr ala val asp arg thr ala gly trp asn lie pro met fly Tel Tel 
1506 

TTG AAC CAG ACG GGC TCC TGC AAA TTT GAT GAA TAT TTC AGT PAA Arr 
Phe asn gin thr gly ser cys lys phe asp glu tyr ser "^n ser 

1554 

TGT GCC CCT GGG TCT GAC CGG AGA TCT AAT CTC TGT GCT CTG TGT ATT 
cys ala pro gly ser asp pro arg ser asn leu cys IT Tel cys Ue 

1602 

GGC GAC GAG CAG ^GT GAG AAT AAG TGC GTG CCC AAC AGC AAT GAC APA 
|ly asp glu gin gly glu asn lys cys val pro ^^n ser ^n g^u arg 
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1650 

TAG TAG GGG TAG AGT GGG GGT TTG CGG TGG GTG GCT GAG AAT GGT GGA 
tyr tyr gly tyr thr gly ala phe arg cys leu ala glu asa ala gly 

1698 

GAG GTT GGA TTT GTG AAA GAT GTC ACT GTG TTG GAG AAC ACT GAT GGA 
asp val ala phe val lys asp val thr val leu gin asn thr asp gly 
561 
1746 

AAT AAG AAT GAG GGA TGG GCT AAG GAT TTG AAG GTG GGA GAG TTT GCG 
asn asn asn glu ala trp ala lys asp leu lys leu ala asp phe ala 
577 , 
1794 

CTG GTG TGG GTC GAT GGC AAA CGG AAG CCT GTG ACT GAG GCT AGA AGC 
leu leu cys leu asp gly lys arg lys pro val thr glu ala arg ser 

1842(5N 

T^C CAT CTT GCG ATG GCG CGG AAT GAT GCG GTG GTG TGT CGG ATG GAT 
cys his leu ala met ala pro asn his ala val val ser arg met asp 
609 
1890 

AAG GTG GAA CGC CTG AAA CAG GTG CTG CTG GAG CAA GAG GCT AAA TTT 
lys val glu arg leu lys gin val leu leu his gin gin ala lys phe 
625 
1938 

GGG AGA AAT GGA TCT GAC TGC CCG GAC AAG TTT TGC TTA TTC CAG TGT 
gly arg asn gly ser asp cys pro asp lys phe cys leu phe gin ser 
■641 
1986 

GAA ACC AAA AAC CTT CTG TTC AAT GAC AAC ACT GAG TGT CTG GCG AGA 
glu thr lys asn leu leu phe asn asp asn thr glu cys leu ala arg 

2034 

CTG CAT GGC AAA ACA AGA TAT GAA AAA TAT TTG GGA CCA CAG TAT GTC 
leu his gly lys thr thr tyr glu lys tyr leu gly pro gin tyr val 
673 
2082 

GGA GGC ATT ACT AAT CTG AAA AAG TGC TCA ACC TCC GGC CTC CTG GAA 
ala gly ile thr asn leu lys lys cys ser thr ser pro leu leu glu 
689 

2130 .... 
GCC TGT GAA TTC CTC AGG AAG TAA ) V 

ala cys glu phe leu arg lys f** ACCGAA GAAGATGGCC CAGCTCCCCA 
705 y O (r.\ 

2180 ^ }'<^J 

AGAAAGCCTC AGCCATTCAC TGCCCCCAGC TCTTCTCCCC AGGTGTGTTG GGGCCTTGGC 
2240 

TCCCCTGCTG AAGGTGGGGA TTGCCCATCC ATCTGCTTAC AATTCCCTGC TGTGGTCTTA 
2300 

GCAAGAAGTA AAATGAGAAA TTTTGTTGAA AAAAAAAAAA AAAAAAAAAA AAAAAAAAA ) , J 
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EXPRESSION OF RECOMBINANT HUMAN 
LACTOFERRIN PROTEIN FROM hLF cDNA 
(COS M6 - CELLS) 
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IN VITRO TRANSLATION 2140 bP hLF SEQUENCE 




200 KD —^ 
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